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s^^iaX 9 ^ «b <^m«<^3x m t a . =1 y 9 ? v mm 23,11 mmmm 25. m 1 

-y FSS2 7 & V ^ > 7° ^ffi 4 1 tc J: ») H 3S, $ ft S . m * + 'J713 a ft* <b ^> fi <?> 

3x *) tH l a . =i > 9 ? v mm 17.^2^ -v h ts 33^ > ^ts 4 1 tc «* »? $ 

ft S o 

[ 0 0 4 9 ] 

ji«1h#l s 1 <7>-7jHfljic a . s^^ibX 9 mum 1 msgp 21 {^y 9 ? y mm 2 3 
svi 1 mmmm 2 5 ^ssg^ 2 5 a) ti? ^1:11 0 ^fM^tiT^ s . m 1 0 
i±x mity ') n > ( s i o 2 ) £ »k ji«1h#l s 1 t ajx^tffl^ffl 1 0 a ^¥±§fb 



2*lTi->£o mi 0 <7>J?*a. 3 — 1 0 jttmgST*5. 
[ 0 0 5 0 ] 

x**t 1 a. 110 icfctt £/If§3l#L S 1 t tiix^ffl^ffi 1 0 a lc ft to L T MA 0 

^ & 3g m T 3b £ o 
[ 0 0 5 1 ] 

tfUC _tyt L ^^^<7>^ip#7t^m^TP D 1 ^Mat^vSlcov^T . HI 3 ~m 1 5 ^# 

iLTiB^ts. 0 3-dii 5 a. m i ^«E^sgic#-s^i?*7t^ai^^ <^m^m^m 

[ 0 0 5 2 ] 

*«at^>STMi. MT^)Ig ( 1 ) - (1 3 ) fcJiHiXHtf-t*. 

[ 0 0 5 3 ] 
IS ( 1 ) 

£-f . 5 1 ^mM-?Z. ^iP#S«5 1 a. #J;ta. f<7)J|Al)'3 0 0 - 5 

0 0 AmT** , ^t'lTlgt'lXl 0 1 8 /cm 3 ggWnlGaAs*^5:5. ^ 
i»#Sflx 5 1 <r>±.lz. a ^ k 7 ^ K ftffl/fcJI^ ?oMH Mffi^^vS . *$t^«ft^ft 

(MOCVDft) Xtt^fi^a (MBES) Vic J: *K ^';7 7 )8 5 3 ]iv 
x y rfftjtJB 2 fcMRiXjfcJIS -eT. IftJg-t* (EI3#M) 0 -e<7>^. 
m 2 <^_hlc. A^f*7 h'Mffl^ia, ?B7>(HMTOf, MOCVDftXttMBE 
VS^IC J: »K nS^^IS^rt ') 7i 3 , n M<7>>t m.WFB 5 j&V n M<?) * * v 7 
^/&i%£i±T. fWt§ (EI3#M) o 
[ 0 0 5 4 ] 

a-'V7t®5 3li> ; > K - y° <n G a A s frh ta *) » * <^ i? * a 0 . 0 5 ^ml)t?i> 
£ „ x -v * > rfft it JS 2 fl . i>F-7>AlGaAs (A 1 fflfiKO . 4 ) h & ►) . 
<7>J¥ *a 1 . OnmlSTti. x -y *y rfftjtJB 2 a. 4^i>#Sflx 5 1 i: STU^^c ^ V 
T IB 3 t <?"> W tc fig-t § Jc 7 ic Jf^fiK $ tl £ 3 t i: & § o x >y y rffjtJS 2 <^ A 1 ffifi^tb 
14 0 . 4lUt "t 2><7>t)*1ff £ Li^ 3 tUi. :^)A1 o, 5 G a 0 . 5 Asii. ^iti 
G aAs%x*>f > rt5RHcj$fflStl5ivf > 7*^ Ic J; o T x >y f- > r g tl lc < u 7c 

[ 0 0 5 5 ] 

±121=11 ( 1 ) ic «k »K Ji«3t#L Sl&^M'. V 7Tfl5 3 5 1 7>-?3® 

PJtcff^ 2 ti§ d i: t 
[ 0 0 5 6 ] 

Ig (2) 

ic . ^-t 7 7'f| 7 tie, Si02XliSiNx*^'5t4R5 5*Mt4. f LT> 
St^I^ 9 ^J^fiK-r-5^S^Hlc^a-r-5fli5 5 % 7 - - > r L T ffi □ ~t § (04 #M 
) o * * \ v -7°m 7 _tlc - > ft $ ftfcjg 55t7X?J:LT, ^JifcJfo ( fJ x a 

, Znl) ^MK£i±. * * v -?°m 7 <7)-ffi* p ^icJxK^ CtllCj:^. §7t« 

9 ^«il#t S 1 tcfcl-r-S^ili+S* 5 1 t It Jx fcHBI lc ft § - 7a ffiffl lc ff^^ $ 
tl* 3 i: i: * * (04 #M) 0 f LT , Ig5 5 7 7 H 7 (BHF) lc =t »J 

[ 0 0 5 7 ] 

Ig (3) 

Jyvlc . ^ v y'm 7 ±lc . 1 3 ^ff^t^TSfiltcHnttt^ iyxM5 

6 * fl^J^-t -5 o I y 6<^ilSlJ, 7tF '17 77 7 riJ^ffluKt^T*^. 

+ '1713 tt i" -S ^ T X -7 ^ > 7* (7X7 hX7f 7 7) i" § 0 C tl [C «k 0 . ^ 7* g& 

1 3 W^^tl^Ciri:^^ ( m 5 #M ) o ^ T . L y A M 5 6 t^i ( 'J A-7") 
-* * . 

[ 0 0 5 8 ] 



xn ( 4 ) 

. * * v y°m 7 ± jc , i*nE i 2^^ts i^-e a 1C n □ ^ * -t £ U y ^ M 5 
r# ih m 2 tmm-t aT'i'yf>7(-)ini7f>r) l . a i 2 % ff^-t -5 

. 3 *uc «k *) . St^SP 1 1 > lc 0/£ £ ft £ ( m 6 #M) o ttb^, ffi 1 1 
m'M&^ ^ ') tM 3 a . Tfci&JRJl 5 a JkV* * v 7 a^^tfCttiS. cwfc§, 
?f-fflg&7> 1 1 b icfl-jftf Steele l,yXM5 7 -ZWU $ if T 4? < 3 t lc «k 9 . gf££7j[«] 

. s>tgM 1 <vmf&*mtyizft •? z t t)*T°B &o zcD^m, ^mikKmttimx p d 

1 ^ Nasi- 3 P£<7>*© lltKtKtKl^ IwV^T . lyXF!5 7 ^iSt^ 

[ 0 0 5 9 ] 

Ig (5) 

f LT, :^)LyXFl^7X?l:LT, H A SB 1 3 fc* JI3 J# 3 *l * 3 i: IC «k ») « iii L ^ 
* * V t m 3 (3 a) _h \z . If i: 'J 7 h t 7 S t lc i ►) A u - G e/N i / A u ^ 

^;^>?n mti i 7 * j&fc-tz (B7#M) o * . ^ > 57 ^ h mti 2 3 t jf^^i- 

HT, 9 lc^# t 'I 7 h t 7 a i: lc J; ►) T i /P t / A u*>«b£5:3>7*l» 

mm 2 3 (isji: < in 7 #m) . mv^t. ±ieu x h i^ijts. 3 

y 9 ? h MM 2 3 It. HI 7 lc fev^T s ^^SBisfc 9 ( * * >y 7°IS 7 a ) J£*>& * ti £ J: 7 
tff^LTi^^\ C *UC Fl^> ft 5 3 t £ < . Sru^iaX 9 (^fV7'i7 a) ^ifflllc 

[ 0 0 6 0 ] 

Ig (6) 

JX fc. P C VDSt i *) s ^ffllcS i N x *^^5^'7y^-y 3>il 9^ff^t5 
o f LT, 3 > ? n ift 1 7 , 2 3lcWl^-t-5'feaic^n^^-t^u^xN^(|ll7Ki± 
-f ) 4fl^^Lv lllyXFlt^AnU, ^7y<-y3yil 9t3>?H* 
-M9a tf^tS (HI 8#M) . ffi\*X. ±10 U x h 
[ 0 0 6 1 ] 

xn ( 7 ) 

mi seme* 2 5 cwist* ^aieim □ ttts cm^tti*) 

t5. f LT, :^)^'XM^7X^LT, 7 h ^- 7 v£ lc J: . Ti/Pt/Au 
i^^r^Il 25t JF2/£-f £ (0 9#i) . ±tr3I*l ( 6 ) & V ( 7 ) lc «k »J . 

mmmftL s 1 <7>-7^HPjtcm i mm^2 1 z 1 m^x . ±ieu 

[ 0 0 6 2 ] 

X® ( 8 ) 

YKlz . &yt&t& S«gp 2 1 7 =k 7 tcSliil^L S 1 <r> - 7^ ffl ffl tcUI 1 0 

t T¥±ifb-t ^> (m i o#m) o z;T'ti, ii o \zteo- zmmmftL s 1 t itm 

ttm*>m 1 0 a l±. B«3t#L Sl^^^ip#S«5 l^#t?^3t#tcfcli-§Jili3t#L 
S li^IiffihLT, Ttifb^tiSCti:^^. flgl 1 0 (JOff^^tc ii . 7-7 Xvfb^Mffl 
I# (Plasma Chemical Vapor Deposition: PCVD) aXttilftf *fflv»53 
§£„ ^rfe. r¥±ij tli. ^i* L t IMI ft fc*^ < L «rv^Z h t cOT- 

ti ^iE-t S Ig (9) icfev^Til 0^4LT^7 7-,Sil i:^ip#a^5 1 f& 

Mte£>ib-£Xl]Uj±JkZF-hnMl-tzmiz. ^7XSIl^)iihIl 0 <r>m 1 0 afcfc'Suic 

i«LttiT-^7 7Sii til o t t)*mm -t & ^x^rnt, m^^m&^trULxv^ 

[ 0 0 6 3 ] 



xn ( 9 ) 

1 (13 1 1 #M) o £i\ #v x**U ^ffl.W.L . ^M^v 1 

^-y^ffi (ftffi) *vf#fb-t-S<, tfUC JsMM. 1 ^vt^fb^ ti^^ffl ill 1 0 \z fctt 
£W#§1h#L S 1 t ajxWfJ^ffl 1 Oat **SvMcff -5 =k 7 lc . x^flx 1 t^m 

xsi i til ot -zs&miz &hi±z> 0 

[ 0 0 6 4 ] 

M#£Mctt. Iia&*)t/:^7XS«1 t^i>#S$(5 1 i: <?> m \Z 1)K Z> B tl It *9 9 8 
k P a T* & 9 . § ^^ntaSS tUli 5 0 0 ~ 7 0 0 r *»*f ILv\ #Sflx 5 

1 _L M It ffi i: tz&m 1 0 tiSHb^ f&Z>coX'. Z^ & 7 % 4k ft R. 7k V 1fl 

m^ir 7 3 h ic J: II 0 tcfctt SlIit^L S 1 i: liixMPJ^ffl 10aU7 x*tfc 
1 ^Hffi t L . 5 1 i: ^7 x^flx 1 t ^Su tc}f# $ il Z . 

[ 0 0 6 5 ] 

. II 0 ic fctt SJSfllaH#L S 1 h li/xtttflJ^ffi 1 0 a ^vtvf T*^ d i: frW. * Lu. <?■ 
<7) IC . #0 £ if . II 0tffMLf:PCVD^I^b^«frSi5 1 * JDt ») Si L (ft 

[ 0 0 6 6 ] 

f$ffl-r-5 ^7 xa^ii. g a a s (nmmm&fttejfi:^^ co^mm-f § <r> frttfrnx* 
zn\z£>). mm^^^&xniza^x . mmm&%i<7>miz & *) ^m^mm 5 1 t 

*s n xm m>h m\z m ^ %> z t b s . 

[ 0 0 6 7 ] 

Ig (10) 

#ac . 5 1 ^iit^ o #7 xg*c 1 t ftm^mm 5 1 t h*mm$ ntzmz 

it. **7 xi« l <7>jx?tMlcfev^T . ^iP#S#c5 1 <^ftH^ffi (Hffi) ^Sft£iiTi^£ 
-y > r tc J: 9 (012 #M) . 

[ 0 0 6 8 ] 

^ip#S1fx 5 1 Jk if v 7 t JS 5 3 ~& ^ >v ^ y 7-? & z t **T- # . x -y > r ih Jg 2 
t^Lxyf > raSS<?>gv^ -y ^ > ^iS^ ffl T . ^4|frS1fx 5 1 Jk U v ~7 t M 5 3 

tftit^. ztiic . mffiMftL s i ^ ntzJf^ ^mn 1 

-f&azv+y t LTIl, 7>t-77j< (NH 4 OH) t i§^fb**yl< ( H 2 0 2 ) ^ 
wfinSis ( N H 4 OH : H 2 O 2 = 1 : 5 ) ^ffiU\ * -f . S vmc MA 0 ^ ^ 5 ti tz 
il=> xS| 1 i: ^ipfrSflx 5 1 UNH 4 OHhH 2 0 2 ^ <^ ; ^Wm.\z W:~? . 3 ti tc Jc 
0 . 5 1 liSiBlJ: *) ^ -v ^> r$ tiTi^ < o ^ -y ^> r^at^. ^ilfrSflx 

5 1 Jk If v -7 -r m 5 3 ^ tl Z> t . x -y > r T ^ -y ^ > rff ihJS 2 Hb5 ^ 

ti ^ o 1 y f > 2 (A 1 0 . 5 G a 0 . 5 A s ) . c^iyf yrisT'iJiyf 

> rH/t ft^^lcSv^T. ^ v ^> rffihJi 2 ^ ti/i i: S -y ^> r^g®!^ 

tCffih^ *l£o C <7) i: 7 IC L T . ^i|#S«5 1 & Tf 7t153 ft*^* 5 tl -S „ ^fc 
. ^i»#aHx 5 1 Jklf^v 7 tJS 5 3 ^fb-^fiMW® (CMP) tc J; 9 iiLT^j J= 

[ 0 0 6 9 ] 

Ig (1 1) 

iX lc . P C V D vi lc J: *J x ^ v * > r f?ih m 2 (Jl*tiH#LSl)^ftll77®lcSiNx 
^•b =5r^SM^SI 2 0 *m®<-tZ> (013 #M) . 
[ 0 0 7 0 ] 
Ig(12) 



)X iz . MM^mm 2 0 co _htc . n>?n*-^37* Mfc-f £ ffelt U\z ffl u Sift 
Sly^Hg ( HI ^ i± -f ) % mfc-f Z> . f LT, :^LyAFi^7XniT, X7 > ? 

? h mti i 7 a*gaj-t s mtUMiJH 20. x v 7{f-±_m 2 jkummm* * t 

i 3 § x -y ^ > 7 ( ^ x -y f x -v f > 7) f § „ c tl tc «fc ») . 3> ? n 3 7 W 

i^li^ (SHIM) . mm -t & x v * > rjft t L T ti . fMlfeilS 2 0 tc ft L T ti ^ 
•v 7 r K 7 -y St (H F ) . x v * > rf^jtli 2 text L T tiigg£ ( H C 1 ) . MMfe* * '> 
TJS3 ti t>^-Tt[< ( N H 4 OH) tmW^it^M^ (H 2 0 2 ) fc^S^tS* ( N H 4 
OH :H 2 0 2 = 1 : 5) Lu. i^T. _LKu x x h i^iitS. 

[ 0 0 7 1 ] 

YK iz . tMlfeii 2 0 co _htc , ny?n*-^2 9^ -5 i^Sft gtc H§ o 

itS2 5 (t«^^2 5 b) ST. 2 0 . x -y f > jhH 2 ^ 

^ M -, y ^^_^ g^d] g^ x , yf>7 (^x>y M-y f > r) f^, Z tl tc =k 9 . xr > 

?H*-^29 **0Jsfc 3 tl £ ( fa] C < 0 1 4 #M ) . (Ifflt^X'yfy rjfc t L T ti . 
ft\iil 2 7 7 h*7>yi (HF) . x -y > rff jt Jl 2lc^LTttS 

1 (HC 1) . ^7y^-y 3>I1 9 icii^' 'V 7 t H 7 -y H ( H F ) &n ILl\ ic^ 

[ 0 0 7 2 ] 

IS (1 3) 

YKlz. mi >* v K US 2 7. 12^ v H mtl 3 3 . Jkvm 2 MUMM 3 5 lzMfc-?Z it 
ItBn^ttSiy ( HI ^ -t± "f ) 4ffm§. f LT> l^lyXhl^vx? 

UT, 'J 7 h t7Slci T i / P t / A u h ft § m 1 -v K MS 2 7. I2'<7 
H Hfl 33, S um 2 lifft 3 5^ ff^t^ (015IM) . S2 iifS 

3 5 ti§7t^tax 9 <r>mm (yt xmm t i$jxnm<r>m) msm-i <t cms ns. 

. I2^f h ts 3 3 t m 2 mmmm 3 5 1 it - # tc 2 ti £ c 1 t ft § . ngg u t . ± 

EL^ yXhl^iif^. ^ 60 & . H 2 fH^tTy>?-t§, ft . 3? 2 v H MS 
3 3 tI2E«lf S3 5 ^-^t)SiLTv^i«, Z tl tc Pi <b tl £ Z t ft < . ^ tl f tl 
SO # ic Wtfc ~? & «k 7 tc L T «t J; 
[ 0 0 7 3 ] 

z ti <b coxn ( i ) ~ ( i 3 ) iz «* »> . m i Rum 2 ic^s ti^ii^^#4i#7t^m^ 

f P D 1 ^5c/j£i- £ o 
[ 0 0 7 4 ] 

ftfe. ^> 7 , fft4 1 Hx > -y^rvS. ^BB ^ mm'A ^filfflft-ZtS 1 ^ -y h'tS (8? 

2 mtlgP ) 2 7SVl2'<*;H mtl 3 3lc^ffl^ff^/^L. 'J 7 p - f ^ ;t tc J; o Tf ^ 
:U S T*§5. * . ^ > 7mtl 4 1 ti ¥ ffl ic PI tl £ *b T- li ft < . ^ ^ > 7\ ^-7 7- 
^^•>7. iA*>7'T'lJ:< > iimtt 7 i 7 -#<?>^fM^ #t?4?^ttWJiB^> 7f «t 

o 

[ 0 0 7 5 ] 

W_hcOj:7lc. 1 mtfcWtmiz is v^T . iiS^t 'JTlg3, TtD^iR^ 5 . 

+ -y 7/s 7 ^*^JKfkLfc*^-?t . Ji«iH#L s i ( ^ ii s ^ 3 . Jcmwm 5 
. jku* * v -7°m 7 m) comum^mfrif^ 1 jkvm 1 o ic j= *j « tn* z 1 1 ft 

S. *m 1 HJfe0«BK:4jv^T ti . ^*^¥4?#7t^ttJ*T^ «k 7 tc 

[ 0 0 7 6 ] 

*f? 1 HJfe^JISlcfcv^-C ti. ^«]t#L S 1 <7>ftiL7jffifiJtcii? 1 ^ <y Htft 2 7 & 
um 3 31 ( m 2 ^ -y K tl 3 3 7k Vfg 2 Mmmm 3 5 ) *»S£g 3 tiT ») . ^ M 

¥iP#>t^m*^P D 1 -smffiMfaL S 1 <7>ft!l77® (St\:^« 9 b*mw. S tifz — lj m^m 
ffl) ffl^g£M^<7>#lllffitcWft $ -tt/z^flgT-H^i-^, z t -So z<7>«gm. ¥i> 

#7fc*fc£fif?ITP Dl<^^^^§^tctf7Ci: ft*T§ §c 



[ 0 0 7 7 ] 

* rz . *m i mmmmiz & ^ x it . iii^Ls 1 an o^^lt^^ xsfi icti 
#£*itv* Jsiiit^L si t^7xsii t -zmmmm-zm^z z t & < mm-t 
Kt^x-n. *<7>rzdb. u=> ^mm i aw l tzKit. ±.mmmmv\z £ *) 
$ z t & < mmmfcL s i cs>t^^9) icijil#§, c^h. 7t^tti®^*»iK 

[ 0 0 7 8 ] 

£/c. *m i ^mmm\zis\^x it. mmm*^ ti 3 a . tMijxjs 5 a^^S)fc«« 

9 3t?»0fiK 3 tl v -v 7° m fflfr 7 a * # t? =k 7 tc. S^SM 1 fc* > ft i: $ tl T $ tl 
[ 0 0 7 9 ] 

* . *n ^mrimiz v ^ t s mi ti^ 21 ( ^ > ? * h mm 23. &u , m 1 m 
mmm 2 5 co-mm^fr 25a) a. s^g^ 1 1 * 7 icff^£ titi^s 1 2 tc^/& 

SftfcH 1 2 5 ^Htlg&5> 2 5b ^ILTl 1 -y h'ti (3? 2 2 7 t 

fM© ic 3 tiT 9 . 13 HtlSS 3 1 (I2^n* IS 3 3 Jk um 2 3 5 ) 

tt . Syfegis 1 1 lc# * tl£ ftriSS v "Ffi§^ 3 a icmMft izBMZ fix 5 . ZfllZ 

j; ►> . ±iqs &m i 2 tc^/^ l tzm i leum* 2 5 <nnm&ft 2 5 b * . Ji*§jt#L s 1 
tc if? c i: ^t* § § . in » tc ji mm. # Lsi%ai3*43>?n*-*2 9 

[ 0 0 8 0 ] 

*IlIIff^iT-!J, St^SM 1 <?)^jgJS^^ tIB 3 a 3t»^*«**(i.Jt^lS Si 
[ 0 0 8 1 ] 

Ufc. 11 filial L S 1 fcfclt<6ffc^ffiMlcii. 9 tc jrt Ifc L T 1 2 Sifft 3 5 

^r^^tiTv^, ztncjco. mwz n^iz Kwwm b a ^-rnrnv ikrtfz?tt)*m 2 m 
mmm s 5 x-ixtt l . t 7 -s^w/i 5 at Ait l t u&jr ^jkjs* ± 0 - 

±.-? z z t b*x° % § = 

[ 0 0 8 2 ] 

*i? 1 mmrimizfa % mm.^*£\z is^x it. mmm.faL s 1 co-^mmiz^yt^. 

ft 9 Jkum 1 H«g&2 1 J: 7 lc$l 1 0 i)*Mf&2 fi. 1 0 icfct+SJSfijt^L 

si a Jx w M <^> ffl 1 0 a^^^^sii^-^jg^ftttii^ic, is 1 ouni 

Sl^-^BPJtcdl 0^4U^7Xlii **m#$nfc«^**-r*#^*^tfttBlfe 

f pd 1 % # © tc mm. -t z t § § . 

[ 0 0 8 3 ] 

ztz. 1 mMmm\z&z>mm.7irtxit, ^mfamns 1 tifc&t 
^s**_hie^^ 1 1 0 ic «k *> utzixz z 1 1 t£is. ify^mmi-^m 

m-tZmlt. lCiD JHim#L S 1 ^fj«^^)t^ff fziiZ z 1 1 %z>, 

[ 0 0 8 4 ] 

*m 1 IIJ(60JI8k:^S«l3i^i£k: fcv^T i± . ¥ip*«t5 l^7x-v hx^f> 
rtc J: ►) l^ie L . mmmfaL S l ^ff^tSlgtii, ^ x -v h x -y ^ > r%f|t ih $ H± S 

X -y ^> rf?ihJg 2 ^^ip#S«5 1 fc^-ilS^^ 'J TJ1 3 t^^lC-gg^ ^5i7 ICff^ 

j£LTv>S. Ctilc «fc ») . ^ii#SHx 5 1 -y ^> rnT|gT-*> Ox x -y r^jhJl 2 
^x -y ^> rwTilT-^v^x -v ^> r**fflv^s z t X , ^mfa^M 5 1 ^MJK^tcP^iT- 

b % o ^cotzdb. mmm* * ') t m 3 . ytmwm 5 . ^ * -y 7 l T^ai#* 

[ 0 0 8 5 ] 



cm 2 mmnm) 

mi e it. m 2 %MWim\z{kh¥-m\*?tm&m=f- <r>wmm f&-&m.w~tz rz^^m^mx 
B^^nTv^^i 1 %Mwm\z&h¥-wi*?tm\£mi L Y> d 1 ^wit-t^o 

[ 0 0 8 6 ] 

^mftK^itiMX P D 2 [iv JlfltiittL S fctf^Tv^, 
ip#7tMtii*T P D 2 li. )fc^^7XSil mfrhmnmWL S l tc AtJ-t&flfflAtt^! 
<*>¥*?#^*fciiJifc^-e*>-5. ^i?#7t^ffii^TP D 2 li. 0 . 8 5 M 

[ 0 0 8 7 ] 

a It, iS=> xgflx 1 ^MUffi 1 b =k 0 tiTv^ 0 
[ 0 0 8 8 ] 

tfac. _hM L ^«^<7>^ip#7t^tii^TP D 2 <?) M 31 ?J v£ lc o o T . 01 7t#fgLT 
[ 0 0 8 9 ] 

^WitTrSTMi. WT^IS (1) - (1 3) ^JiHiXHtf-tSo £ ~? . Xfe ( 1 ) - ( 

8 ) icov^a, _LM<7>i? i ^ste^^tcfctt^xg (i)~(8) tmc x 2b *) . mm^ 

[ 0 0 9 0 ] 

IS (9) 

#ac. ^«it#L SI. 7 5 3 Jkvm 1 0 *>*Jf2fiK£ *ifc¥**#£flc 5 1 

ttif t§ (0 1 7#M) . £i\ aib«f^^tit^7 xS«l ^ 

$ tifc^tffl til 0 tcfct+^Jiffiil^L S 1 t ItJxttffl^m lOat fc* 5 v Mc ft* ~t Z Jc 
7 tc. 7^7X11x1 i:fi|f|:Sl5 1 fc^Ifa^bt^. 3 <?> J: 7 lc S *a ^ *> ■£ ^MX 

mmjkumm^n ^si 1 tm 1 o t ^h&*ic ^ o ma o ^-fc-e*. 5 

1^777 7sSil t^If ^Sli, 3? 1 HSfc^flglcfcl+SXS ( 9 ) tcfc{t^Jf#^vS i: 
Is] C X3b £ . 
[ 0 0 9 1 ] 

^ap#S1fx5l (S>t^^9) ^7XS«1 (U>XgMa) i: <n ft ;b H± it . iS 

ft 0* v - # LTfiJfflLT^Jcv^ 
[ 0 0 9 2 ] 

x@ c i o ) - ( i 3 ) ^xnit. m i nm^ftgicfcit zxn (i o) - (i 3) t [b] 

C X' 3b >) , Z ZT^iB^f »§i--5o C*l^<7>Xfg (1) ~ (1 3) SI 6 lc ^ 

2 ti/i«^^^ip#7 , c^tti«XP D 2 ft^itt^. 
[ 0 0 9 3 ] 

lsi znrzmmm* * t|3 . ^©iris 5 jku** v y°m 7 ) ^^m^j^s** 

l^Vil 0 tc J: 9 ftfctl* ir^lc. #4p#7t^m*^ P D 2 c^/JxMfb^g© 
[ 0 0 9 4 ] 

t/i. *f? 2 flM^Jlc fcv^T . t7 7 llcii, U > Xg& 1 a ftTv*S 

o ZtllCj;^. AttTt^MttfBHlclt^TSTte^^ 9 **X2 v^jf^T^oTt, ^I^J:< 

AttTt^mTti-s c h jb*T«t -go c<7)^m. sNiticftti. m n&<7>-m\>* mm 

[ 0 0 9 5 ] 



S c i: I). * s H ic u > X g& l a a* fin X 3 ft -5 c t & 5 <r> T* . iiPl^Sf 



u > xgp i a a, w^3h#l s i ikvm i o tLtz^-myfrnm. 5 1 ^7 

T&%m.-?& t , V > 1 a fc^abJ^lfcLfctf^ Agffi 1 fc¥##SlE5 1 3 
[ 0 0 9 7 ] 

cm 3 msi&^ag) 

13 1 8 tt. m 3 llii^Jtgk:^*¥^#^fcftl£T<^»rffl«j£%i&^-*<5 H ^ 13 T* 

m 3 llflfeJI3JI8lc^S¥*$#^*fcaji{S^ P D 3 It. JJ=> 1 Jkum 1 0 <7>f^ 0 

tc @& f b 'Jn> (Si0 2 ) *>*VMiWflS*^ #5J8Sfc*JI3j£3 tlTi^^Tl 1 Hfife^fig 
fc^S¥*?#ft*fciiJliSTP D 1 t ffla-t § . 
[ 0 0 9 8 ] 

t[Uif PD3U, 7t)b»JjI 6 0 ffl^«bJ8« ia#L S 1 \z Attt -5 M AttM^^ip^Tt^ 
ffiifT'i.^. ^ip#7t^m^XP D 3 tt. 0J£«rfeJ*3£ 0 . 8 5 m m<?>fflgiBt7fe 

[ 0 0 9 9 ] 

mmmi^L s 1 ^-^ffifjjica. 9^^$i m«^2 1 ( => > ? ? h mm 2 3 

s^i? 1 mmmm 2 5 25a) ^17 «* 7 ten 6 0 nx\^ -s . §1 6 0 

lix SHfcx 3>*>SvMifflfl& (0J*.tt. *'M = Kffilj^, P MM A . :t # * ^ ffi Jf& ^£ 
[01003 

iXt. _hM L fc#i£<7>#*$#}fc*fciii3fST P D3^M3t^vSlcov^T. 13 1 
[0101] 

KT^Ig ( 1 ) - ( 1 2 ) ^JUM^^ff "t £ . *i\ X® ( 1 ) - ( 

7 ) \z o v^t ti . xy^i? i mwmmiz *m & xm ( 1 ) — ( i ) t ibj c 9 . ^bh^ 

[0102] 

Ig(8) 

#ac . St^k^ 9svsi mmm 2 isini ic/sit3i#L s 1 ^-umm\zm 6 0 

^ff^-t 5(019 #M) , 160 <r>Wimz It. 160 fc^fL^ 'J =i > ^ * 5 M □ ^ >- 
V 3>gtftlg (Si Oj) SiitifcA^M^^HTTEOS (Tetraethylorthosi 
licate) ^fflufcPCVDSf^ffluKt fr*T* g § . If;, 16 0 b*m ffi h & 5 if 
. d 6 0 <?) Wttik \z It . Iftftf tfflv^C t^T'#^, 
[0103] 
Ig (9) 

tfOc . ^ip#S#t 5 1 tiit^o 16 0 L fc&k: tt. JS 6 0 JxttfiJle fcv^T 

x ^ap#SHx5 l^fH277ffi (Kffi) a*«tii3iiTv>£. c<^X@Ttt. ^i|#S#c5 1 <?> 
Kffiffl^ h . ^ip#S#C 5 1SI/^'7 7 7|5 3 * x -y ^> rtc J: ») ^SfS (02 Of 
M) o #i|#*^x 5 1 JkW^v -7 7i 5 3 v *y ? 15 ft it. m 1 ^M^Jtcfctt-SX 
g (1 0 ) 4? tt S x v * > X 7^ ft t m c ^ . 
[0104] 

x@ c i o ) - ( i 2 ) <^xnit. m i n*0flBicfcttsxjg (11)^(13) tm 



[ 0 0 9 6 ] 



c T- £> 0 , C3T^li*f lSt4. 3 ti <b <7>X@ ( 1 ) ~ ( 1 2 ) k: <k *> . HI 1 8 ic ^ 

3 *lfz#ll^4^#7 , ct<lftift^ P D 3 **5tf&i-£ o 

[0105] 

W_hft J: 7 tc . *13Iiff^llcJ:U-ni, ±iELfc^lH«£^)»i:|qI«IC. «*ilt# 

lsi ( hi jb $ ti mm m * * t jb 3 . ^ m.wm 5 & v * * <v jb 7 ) <?> $tt$ £1 & s a* 
%rz. ^ii#7fe^mi^TP d 3 comn^&^icif 1 z t £<> 

[0106] 

m 4 llte^J|gk:&s¥*$#5te*ftajlfe^P D 4 ti. JSI 6 0 \z u > Xg& 6 0 a fc'ff^ 3 

tiTv^*fi3 mmmmiz&z^mikyt&itimj-p d 3 ^wii-t^o 

[0107] 

^i?#7t#rft|flT P D 4 ti x IB«3t#L SU> i60Ufi£Tv^. ft 
#ffiifPD4li, 7fc**JH 6 0 ffl^«bJB«3i#L S 1 tc Atti" -5 M AttM^^ii^Tt^ 
ailfe^T*)*. ¥i?#}fc#rft3SlTP D 4 fJ^li^ft^O. 8 5Mm^fi^i7t 

[0108] 

16 0 iz It. A ft ft ^ it ft i" £ V > X3 6 0 a tiT o s . c <^ U > Xgfl 6 0a 

tt x hX'Vfy ^iciH^t^ct^T*^. li\ 0 2 2 tc ^ S ti § Jc 7 tc 

. m 6 0 <7> _h iz . pfrm.co&W.lzmo~%:il-t £ U ^ x N 16 3 ^ ff2 -5 . f LT, 13 2 3 

9 x >y M -v * > /T- tt x V 7j ffif IC x <y > 7 jb*3t i" 3 ft . U y' A M 6 3 <!Oi P 

SftSRt!* 9 t<7>&um&-&M*nx.Wt%.'tz z t \z «k o . u > xjds%*t« u > xsb 6 o 

[0109] 

W±.<7> J; 7 ic . *I4^1ff^ilcfev^U, iiLfcIl^»lhNit, JB filial 

l s i cmm $ iitzmmm* * -rmz . ytmwm 5 rv** v y°m 7 ) commm^m** 
me o \z & *) ufziiz tniz. ^mfayttk ttinf p d 4 <7vMft^#^ic m& c t 

[01 10] 

*f? 4 HSWfilJcfc^T li. JJ16 0[ctJ. u> Xg^6 0 a $ tlTv^„ c 

ii\z£>). Amyt<7>mmmmizit^-z^yt^i^9 ^/jv^v^s^ioT t . #j^j;<Att 

)t^*ttl.3i:)b*T'§5. SNitlcftti. ft fI14z<7> ^ v>¥# #7tt^ tH «T P 

[0111] 

cm 5 mmwm) 

H2 4ti. m s mmmmiz&z^mikytmiiim^^^^MK&^mm-Z'&z, m2 5\t. 
m2 4 izteii-zuv-xMmizm^rzMmMf&*mn^&tzdh<vMixmx-£>&, 02 

4 icfeuTIJ, ^ y y'MU 4 1 ^H^tf l&Lto^. 

[01 12] 

¥ii#>feMttiifeTP d 5 tt. mmmfaL s 2 1 , ^7xi«i ^ii.Tv^„ 

i»#7t^tti«TP D 5 1^ **^7Xl«l M*^IB«l3i*L S 2 tc Att i" § mm AftiM 

co^mi^ytm^mj-x^^. ^tz, ^m-wytm&mj- p d 5 1±. ^jx.a~ft^^o. 8 5m 

[01 13] 

/f ti}H#L S 2 t±. IWiXiFtm $ tifz. nm (f-aftl) ft^^JS^^'^TJBS. 
<^ ift iR JB 5 * & V n 3! <?> ^f- * v -7 IB 7 * A, T v> £ . ^t*>^l8 7 atli, pi (12 



[01 14] 

mm&frL s 2 ^-^fflfjjtc a. m i tiT^^^n 7 i >v >• ^~ 

xa>ffi!19<?)±lcffiiS3*iTv^5. n > ? n tft 7 1 li , ^vy^-y a >I1 9 ic 
£ *l£ n > ? ? h * - ^ 1 9 a * ii L T . S>t^^ 9 t MM ft IZ &m. 3 *IT I* 5 . 3 
> -7 ? h SS 7 1 H . T i /P t / A u h & 9 . ^<7)m^\t 1.5m mSlSTfcl. . 
[01 15] 

MiifLT H^iU^-t S JHfiifrL S 2 <*>!£ffi±lc t . tMilS 2 0 ft TV* £ 0 

MiiJLTHrt ictt. tMlfeil2 0 ^ l*lincKiaieM 7 3 ^glt^tiTv^, Kiiie^7 

3 — SWgBtt* IMiil 2 0 ^f;n>?n*-420a^lLT, n > ? 7 

htS7 i tm^mizm^^ tiTv»*. 

[01 16] 

fSfl§at#L S 2 ^fm^fflfjic li. 1 1 A-. y K1I2 7 (&2*«gB) i: . 13 11^8 
1 fc'ffi IB 3 ft X v* § . IlA-n* mm 2 7 It. MiiKIS 7 3 * « 7 =k 7 tc 5 ft . 

nmmm 7 3 ^ftnaagBicm^® izmwtz nx\-> § „ a? 1 ^ >v f mti 2 7 tc a . >*y 

4 1 3t»*KiB$tiS. 'S^IM9 ^^iomtl^lX 9 aj Llix 3> 9 9 hfS7 1 . SiiffiH 
7 3. lPt';H mm 2 7 Jk U > y° MM 4 1 tc £ *) 2 ft £ . 

[01 17] 

m 3 «fi g& 8 1 H . ^ > ? 7 h mtl 8 3. 12^' -v H Mtl 33. 3 5 

£ # A, T^ 5 , n > ? 7 h fft 8 3 li . mtUMifll 2 0 lz $ ft tz 3 > 9 7 h * - 4. 2 
0 b ^ii L T . ^jglt^t 'J7II3 t mm®\zmWc £ ftTv* £ , m 2 v F fft 33^V 

m 2 nzmmm 3 5 it. ny 9 ? y mm s s * i izmi&z y 9 ? y mm s 
3 t mm mizmmzfix^z, i2^n* mm 3 3 iz it . ip< -v k is 2 7 t to c < . 

y°mm 4 1 3b*SH $ ft £ o ^'iSS^r f 'J Tig 3 fc> «b <r> m ti <7) *) ft L li . ^ y 9 9 y 

mm 8 3. 12^* -y h mm 33^ > y'mm 4 1 tc jc *> n& . 

[01 18] 

m 2 SitS 3 5 14 . ST^ItaSi 9 ic W JJ5 L T M 9 ^Ifflltl^ «k 7 lzftt!& 

zfixte*). KJxwm t Lxmm-tz . ^ 2 se^m«3 5 1 asuic^mttjgi*?^^ 

[ 0 l 19] 

JS*iaH#L S 2 <r>-Jjffim\z It . f)fc«te1 9 JkW zi y 9 9 h mm 7 l^M7Jc7lc)ll 
0 Jb*fl^^$ *lTv>§ 0 7.Sflx l ti. 110 tcfcW- ^> Jl«3t#L S2J: ajxWM^ffl 1 

0 a tllW LTIA nt> ^ ilTv^o ?y^X*^lli. ^-<7>j?^^0. 3mm®)5-e^lo , } 

[0120] 

#ac. _hifi L ^^#^<?>#4i#7t^ttS^^ P D 5 <o SSI ia Affile out. 02 6~I3 2t 
#PI LTa^BH-t s „ 0 2 6-0 3 2 ^ 5 mm^miz # S #4? #t£M £tS Ife^^ SKjt 77 V* 
^mBH-t -5 ^a6^mBH0T^ . ¥^#7fe^tii^T^^»Tffl^f LT § . 

[0121] 

WT^ig ( i ) - (i o ) *«RiXHff-t*. t-t . xn ( 1 ) 
( 2 ) icovTa, _Li£<7>i? i mmmmiz t?tt ^ig ci) (2) tfajcT^*?. 

BH * f n& i" S o 
[0122] 

Ig (3) 

#nc. PCVDftlci^ ^t'7 7|7 (l8il#LS2) <^^ffilcS i Nx* 4| b4* 
^7y-<-yH>ll 9^W§ (02 6M) . 
[0123] 
IS (4) 

/Xtc. =i> 9 7 MS7 1 izttffc-f &1sr.W.lzfflu *tt« (0^-t±"f ) ^ff^ 



F ) ic J; 9 l%£ L s ^ -v is ~* - is a is j£ 1 9 ic xi > ? ? h * - >i 1 9 a £ Jf^i" §(02 
[0124] 

»c x =i > 57 ? h * - n i 9 a tc *t -t § a tc n □ ^ * -t § v is * v m cm^^t-t) 

^BSffMt §0 f LT, :^)LyVsM^7xnLT, 3>^h*-<H 9 a ^0 
/££ft£;i£:lcJ:*)RffiL fe^Tt 9 _h IC . If J: 'i 7 f t7-StlcJ: i/P t/ 
Au^«b£.&=i>7?h ®S 7 l^ff^tS ( Is] C < m 2 7 #M ) . ^ T . _hK V is x 

[0125] 

Ig(5) 

YK \z . ^yt^U 9 ( -v is -< - is a y m 1 9 ) 7k V > ? ? h ^fi 7 1 ^ & 7 =k 7 iz FB 
MmfrL S 2 <o-nmm\zm 1 0 L T¥±ifb-t § (028 #M) . ZZT'lt. mi 

0 lefett £/I*§it#L S2t l$JxttM<r>m 1 0 a a. H*iit#L S 2 5 1 

^#i?1«3H#lcfelt S Jg*Sai#L S 2 ffl<7)MM t LT, ¥±i it £ ft S c t t & Z . II 

0 <r>Bf&J5 vitt. m 1 HSlE^JIglc felts X@ (8) IC fe It £ ^/&?Jy£ i: [S] D T $> £ . 

[0126] 
Ig (6) 

iXlc . /S*iji#L S 2 . 3i v t is rff jtll 2 . ^Vl 1 0 2 ft 5 1 

t TsSi i t ^itts (029 #m) . xsft i <^m#7t^ii. n i mmmm 

\z felt S ( 9 ) ic felt £ Jf#7?v£ ii [BJ o o 
[0127] 

IS (7) 

YKlz. ^a*#S#(5 1 tiit^. xll 1 i:^4»frS«5 1 i: **Jt# <* ftfc&lc 

lis xl« 1 <7>Jx*tMlcfev^T . Xap#S«5 1 <7)ffe^ffl (itffi) ^gtH^Tv^ 

. c^igTii, 5 i <r>-mmmt)*b. ^mi^mm 5 1 . >y -7 tm 5 3 jkv*. 

v * > r ffjtJB 2 * 31 >v t is ric t 0 (030 #M) . 

[0128] 

XJ1 2 ic <t L x f > riiS^gv^ 3i v + is rStffluT, ^ii#SHx 5 1 7k U v 7 t 

ib 5 3 * o ^cttx . oi v * is ?{f> itm 2 * 3i -y ^ > r-t * - t t) s x° b , mmfg* 

* ') t m 3 <r> A 1 G aAsllcWLTx-vf > rlS^>Iv^x*;f > r ife * ffl 3i -y 

^> rffih/s 2 t^its. ctiic t o . ^ttitfrL s 2 mt)*mm tfitz**? 1 ^ 

[0129] 

^i»#SHx 5 lSi/A*. y7 7l5 3^x>yf > r^viii. m 1 USte^USk: felt s X® ( 

1 0 ) ic fe It S 31 >y ^ > r 7t v£ t [a] c T- 3b S . 

[0130] 

ai -y ^ > r^ihJS 2 TkumWmfrL S 2 ^tztt=> xSflx l^NH 4 OH^H 2 0 

2 ^I^iSJ; ft L. 7Ki5t. ^^L^^lc. (H3PO4) i! B£ ft * * * 
* <r> m^Mm (H3PO4 : H 2 0 : H 2 0 2 = 4 : 90 : 1) ic St. A 1 G a A 

sit P@£ 1 3i^fb7j<*7K fc ^< i: ^-S^-vS^Tli 15 t ^ if 31 -y ^ > ft *v^T. 
ti 31 v * > rff ihJS 2 <7) a fc*x -y t > r $ ft x iig ^ ^ 1- JB 3 <t> A 1 GaAsi 
Hbl $ ft 73 i: # ic 31 >y ^ > 7 g ift © \z ffih $ ft S . 3 <7> t 7 \z L T . x >y t > r fft iLJS 2 
i'ii^tl^o ftfc, #if#««(5 1 , A*y 7 7i5 3^t/xyf>r^£)|2^ft:^i 
«W© (CMP) ICJ; ») Rfci LTtMi. 

[0131] 
IS (8) 

[0132] 



T s =3 > 7 9 Y mm 7 1 i)*m ffitSlX\ JS L S 2 #c V v is ^ - x a > flg 1 9 

i';f>7(HMiff>7) t5. c ft lc J; »j . MfflJLT H $ ft 5 (S3 1 # 

7T- 3b *) . ffi#>T #^ \Z if 7 3 i:i'T'§^, 
[0133] 

tfUC P C V Dftlc J: 9 , ^-ilS^r * 'J T If 3 (J8*g jh#L S 2 ) <^ltHlc S i N X ^ 

t>%znftmmm 2 0 (^c<03 1 #m) . ctuc 9 . m^lth^®^ 

i-SH^jH#L S 2 <^effl_hic tt^^ii 2 0 i)*m&2 ft 3 Z h t%Z> 0 
[0134] 

Ig(9) 

iXic . mMlfeSIS 2 0 <7>_Llc . rj > ? 7 h tl 8 3 fcWUCi - * fe^lc ffl a %f t4 u >• 
x h fH ( ) &mf&~t& . f LTv c <?> u ^ x h v t, 7 i: LTtMiii 2 0 
% B H F ic «fc *) mi: L . fMlfiii 2 0icn>?n*-i2 0b ^W^~t 3 ( Is] C < 0 
3 1 #M) . ij^v*T . _hK U ^ A h i^iitS o 
[0135] 

YKIZ , n > ? 7 h MM 8 3 fcttlfci" § feglcH □ §tt5 ly^Fl ( m^iff ) £0 
fiK-t -5 . f LT, ^Ly'Xhi^vxnLT^ ') 7 h t 7 ft t i •) , Ti/Pt/A 
u h £ § =i > ? 7 H MS 8 3^ ( [b] C < HI 3 1 #M) o ^ u x . _hK ly'Xt- 

[0136] 

Ig (10) 

#ac. SMI!liI2 0^)ilc> Milieu 7 3 & 1 v H Htl 2 7 icttJfc't § teEtc 
-etiftiWn^'fr'tsu^^Mg ( 13 ^ i± -f ) ^ff^/^i-^»o f U> ;^)^'xiitv 
Ttt\lfeii 2 0 $ B H F ic J; "JiiL, HfUfiS)! 2 0 \z u > ? 7 h * - ;u 2 
0 a ^ff^i" § ( HI 3 2 #M) o 3 tUc J: *) . u y 9 ? h mm 7 1 5 

[0137] 

jx iz, m i -v k m« 2 7 (Milieu 73) . & 2 ^ v k h« 33. ^^12 mmmm 

3 5 k:jhtJ£-*SteHk:* ti-?tiffiP**^S u ^ x n $1 (in^-e-f ) tr^ts. f LT 
. ZWLyXFItvxnLT, ')7ht7ai:J;>), Ti/P t/Au^b^-SSl 

-v K ti 2 7 (S1S*8 7 3 ) » I2^'V H tS 33. S^I2 Kltm* 35^ Jf^^i" 
* ( TO c < 0 3 2 #M ) o IIa-^f fft 2 7 Miiffi^ 7 3 t ii-#ic ff^ $ 

tl * Z t i: * 5 . U . I2'<7H MS 3 3 t S 2 E^mtl 3 5 tti-#[cff^2ti£C 

4 4? . mi ^ -v H tS 2 7 fc Mfflge*! 7 3 i: % - # tc ^0 LTv^ft 1 , 3 tl tc PI ^ tl 5 c 
t*<, -5- tl ^ tlglj # ic ff^^i" * J: 7 L T t «fc o [B] C < x m 2 H fi 3 3 i:S2 

le^mti 3 5 tt-ftt^r^Tv^^, z ti ic fi ^> ti -s c t * < . ^ ti ti ay # tc 

[0138] 

3 ti^<^Xg (1) - (1 0) lc£9. Ictk $ tifc«^<?>#i¥*^3(* 

ffilf P D 5 **7t^i--5o 
[0139] 

tu^i7t, *m 5 nsfe^flgtcfcv^T »±. _tifi t i mmmmt mniz . mmm.i¥ 
^9 x^flx i ^ i o tc j: 9 ^fctis t n\z. ^mi^yt^mm^p D 5 <ry^m\\L^m^ 

[0140] 

* fcx *i5 %Mmm\z$5\^-z . n >■ ? n ti 7 it±. mmmfaLs 2*nm-tzn 



mmm 7 3 ^ilti i v h mm 2 7 t mm>$i\z mm 2 nx 4? 0 . m 2 ^ v h mti 3 3 

It s ?S -ilS * M 7- fi 3 \z ft tc ff ffi £ il X & . 3 *l tc £ *) . 3>?nfS7 1 t 

m 1 h mm 2 7 1 <r>m^m^m^nmmm 7 3 \zxm^\zn 1 zt &x § & . * ^ 

. liS^rt 'J7i3 § a 2 *13 3 t i: * *) . it ?U ffictftfc **I IZ 

[0141] 

v * > rffihJS 2 % t7 x >y h x >y * > ric J: 9 LTV^, 3 <^Jt x >y > rffih 
m 2 & x -y > r 5J ftlT 3h *) , ^iS^f t T JS 3 % x >y ^ > rsj |67 & x -y > rift 
Sfflv^c^^ x -y ^> Xffih/S 2 ^lt^SJR95lc|%S7§ £ . *<r>f Z db. mmmikL 
S 2 LTx -y ^> Xffih/S 2 tfillllogiCl^iTl 
[0142] 

cm 6 mm^m) 

m 3 3 a. 16 mMmm\z&z ^mi^yc^mmx ^mmm^^ wtm-t & rzdbcom^mx 
m 6 mmr^M\z^^^m^yt^tnM^-p d 6 it . ^7xs«ncL> x§n 
^?n-:v^^i5 f?M2figK#£¥^#7te#rft*TP d 5 t^m-?&. 

[0143] 

^ii#7t^tii*TP d 6 it. mmmfrL s 2 1. ^7 ash ^iixv^„ c<^^ 

ip#7t^ai*^ P D 6 It. ItfrJJ^ 1 M^Jg*iaI#L S 2 tc Atti" § ftffi AWi 

<^¥##5fc*fc£fJifl^-<?*>£o isfc. 4^#7tt<£rtHJ?l^P D 6 . fl^liife^^O. 8 5m 

[0144] 

ali. ^y ^SSl^ftilBl b =k 9 ?3A,T-^/£2 *iTv^£ 0 
[0145] 

#ac. _hiEL^1i^<?>#*>#7t^m^TP D 6 ^Mlt^vSlcov^T. 03 4$#MLT 
[0146] 

*M:t^^Ttt. MT^ig (i) - (i o) fcjiHiXUff-ts,, . xn ( 1 ) - ( 

5 ) Ic o u T ii n X3£<7)i? 5 1»ff^iBc:fct+3X*g ( 1 ) - ( 5 ) t m £ X3b *) . m.w& 

[0147] 

Ig (6) 

#ac. ««1I#L S 2 . x -y ^> rffih^ 2 . 0 *l*z#4i#M 5 1 

t^/7XSil J:tl!ft§ (03411) . £i\ a«^tifc^7X| 
ftltffllL, xSflx 1 <?>-77E (^ffl) ^vtvf 1t~t Z> . /Xlc, ^7X||i^) 

vtvtfb^ tifc^ffi til 0 tcfctt ^, Jf fi3i#L S2t tiix^ffl^ffi 1 Oat ^SvMcJiM 

i a tifc# ^ i t x ^ip^a^s i t^mm^^it. m 2 mmmmizte 
i-fzxn (9) iztsi-t ^mm^'A t m c fs>5. 

[0148] 

ig ( z ) - c i o ) m 5 ^ste^sgicfcitsxe (7) ~ (i 3) tmcx 

3b*) . ::T^liHitfiSt5. cti^^Xg(l)-(10)tcJc^. H33tc^^ti 
/c^i^cO#4|#7t^tiilfeTP D 6 
[0149] 

wi^i^ic, *m 6 ^mmmizte^xit. iiifcisiwi^i: < . jutit* 

l s 2 (tt/f ^ ti/iM-il)^^ ^ 3 . T^iftiRJi 5 Jku** v y°m 7 ) <7>MMS*>* 

7y 7 isj;ii o tc j: 9 fttzfiz tn\z. ^mi^yt^mmTP d 6 <?>>hw.it*m% 



\z 0 Z> z t a*-? £ & . * fz , ^ip#7fe^mi^TP D 6 ^^^^rS^tctf 7 - t ft'Tl 
[0150] 

. ctilcJ;^ A#t^ia#tSBHk:Jt^T^:7fc«isdi 9 HSv^^ioT^ j= < 

[0151] 

(17 H Steffi) 

tcS^fb^ 3> ( S i 0 2 ) *>*vMiWflS*^«rSJ8K»*J^^$ ftTuSj&TH 5 H Steffi 
k:^<5¥*?#ft*kajliS^ P D 5 i: ffls-t £ o 
[0152] 

¥##5fc*&£fJ5ll^ P D 7 liv flI#fai#L S2t, 16 O^liTuS. 3^^ip#7t 
^tiiif PD7li, )t^l6 0 fflfc>«bJ8«3i#L S 2 tc Atti" -5 M AttM^^ii^Tt^ 

mm ffl*ttsifTj>5. 

[0153] 

flSIf L S 2 <^ - ^fflfJJ tc . S^^lal 9 7k V xt > ? ? h fi 7 l^M7£7tc)!6 
0 jt?*0J*3tlTv^S. 16 0 tts miti/ ') 3>*>SVMiWflB ( $ 1 . * 5 h'il^ 
P MM A . Wfl&lf) fc><b$r*. fli 6 0 . ^<7>J¥^*»5 0 M m®J$T*> 9 . Alt 

7t ic *t l t & iz m w -? #> £ . 

[0154] 

(Xlc _hM L fc#ifc<7>#*St#}fc*feajffcTP D 7 ^Mat^vSlcov^T . 03 6^^/03 7 
^#MLTlHn§. 0 3 6 &<^0 3 7 li. 3¥ 7 llffi^JI8k:^S#^#ft*kiiJliS^*>«l3i 

[0155] 

*«3t^^Tli. WT^Ig ( 1 ) - ( 9 ) fcJKiXUff-t*. X® ( 1 ) - (4 

) icouTii, ±.j£<r>m 5 mmmmiz an § xn ( 1 ) ~ ( 4 ) t i^i c *> »k i^bh^s- 

[0156] 

IS (5) 

<X tc . St^^ 9 ( v >> ~< - ^ a > -fli 1 9 ) & V x > 9 ? h mm 7 1 ■£ M 7 «fc 7 tc AS 
fiUfrL S 2 ^-^EIiJlcH 6 0 ^mf%-? § (0 3 6fl) . fli 6 0 ff^^vS li . I? 3 
USte^flglcfcli-sijg (8) tcfctt^ff^Tra i: m c t?*>s. 
[0157] 

Ig(6) 

JXtc. ¥*?#Stfc5 1 ^^S-t^,o (16 O^r^Lfzmzit. 16 0 <7>Jx*tfnc:fer^T 

. ¥*p#sux5 l^f&^ffi cmm) ij'tsuv^. z^igx-i^ ^^frsnxs i^h 

fflM^ <b . ^ipfrSHx 5 1 7k U^. v * > 7W>]tm 2-&=.v *y 7lz J: *j H£t* (037 

M\z is rt £ Ig ( 7 ) tc It -5 x -y > r 7j v£ fc [b] d t *> -5 . 
[0 1 5 8] 

xn ( 7 ) - ( 9 ) (nxnit. m 1 n^^flgicfeit^x^ (8)-(io tia-i 

9. CCT^IiBfli^f Ztl^<7>Xg(l)-(9)lcJ;^. 03 5 t^^tl/i1i 

^<7)4£i|#7tMtti^^ P D 7 ^fr^-t^o 

[0159] 

*m 7 H«60fl8k:4jv^Tt±. Xifi L fc^ 5 ^UKm t mmz , mffiMfa 
L S 2 («IB S iifc^&Jg* * ')7I3, ^URiRJl 5 JkV** v 7 ) m « © ^ ® 
i6 Olci^fcnst^lc, ¥i|#^Mtii*TP D 7 <7> /Jx^ fb^ S J§ tc 0 § c fc ^T-§ 



So ^£i|#7fe^tiil^TP D 7 (vmm^&^izft 7 3 i: **T*£ -So 

[0160] 

cm 8 n Stefan) 

0 3 8 it. is ^«s^flgjc#s^i?^^#ai^^ <7>mmffi &-&m.w-tz rz^^m^mx 
£>s 0 m 8 mtemnBiz&z¥i$tfiy£titftm?p d 8 a. m 6 o tc u > 6 o a a^j^s 

tlT^S^T'l? 7 #IM^ci&S¥^#}£$rtiJ*TP D 7 tfatS. 
[0161] 

^tii^^P D8fl, Ttfc'Jjl 6 0 flJ^<bJI*#iS#L S 2 tc Aft"* -5 M AttM^^ip^Tt^ 
tt*TT*£>So ¥##5t*fe£iJifl^ P D 8 It. m 0 . 8 5 Mm^ESgit 

[0162] 

16 0 iz It . A$tt?C~%Myt~t S V > X3 6 0a is*Wtl& 3 *IT S o c </> U > Xgg 6 0 a 
[01633 

lil±<?> <k Jc. *18IlillcfeuTiJ, _LM L fcm 5 ^MKimt TO tile Ig«3t* 
L S 2 $ tifc^S^Jg* * ')TS3, Tfcfl&JR/i 5 JkV** v y'M 7 ) <7> » f* & Jg fc» 

i6 0 IC J: *) ftfctlS ir^lC ^i»#7t^tH^^P D 8 <?> /Jxffl fb^ # % \Z m S 3 t ^T'§ 
So ¥i|#7t^tii^^P D 8 <7>mn*&%lzif 7 3 t *»T<# So 

[0164] 

8 mmifimiz fcv^T li . K601CIJ. U > 0 a fc*7f^/££ tlTv^So C 

titcJc^. A*r^£^ia*riBHlclt^T^:^«isJ 9 fc*/M v^if^-T* o T t * #j^£<Att 
)ttft)tt^ca'T'§4. SNitlcftti. fffI'f4<^^v^i»#^^tti«TP 

D 8^#S 3 t § S o 
[0165] 

(Xlz, *IIilwtf^J}:LT, HI 3 9^li f 04 0 tSo'v^T, S^IM 9 *»fg$tM 
&3*ifc¥i$#}t*ftaili!TT MPDA1, PDA2tcov^TsftBH-tSo ¥##^*fctiJlfl 
frMPDAl , PDA2 1i, ufc * S flffl AttM<7>^a*#^t&ffi t U U'JoS. 
[0166] 

^mi¥^mm^-r L ^PDAlli, 039 lc^2ftS J; 7 »c. jg&^STfcgB 1 1 (5 
ftSSfcfc 9 ) 1 iX7ct L < l± 2 iX7C?j l»llcKflJ $ tiXT L 4 tiX^Zo 
&tz. ¥i$i¥?t$lltim=?-'r MPDA2li< 0 4 0 tc 2 ti S J= 7 ic . £ it <7) -g t£ 4fi ^ 9 
1 iX7ct L < »± 2iX7C^I«lk:ffi^l$tiTTU >f^k:1g8cMS5tiTv^s. 12 
^ v K MS 3 3 IB] ± it 2 v^lctM ft lc ffM $ iiT v> S . 
[0167] 

¥mfc?ttftftm=f'7' u ^ p da i icfcv^Tti. ±a!L/cm 1 iiff^i^c < . m^is 
frLsi (iftns $ nrzmmm* * tjb 3 . Tt^iixiB 5 ^ v -7°m i ) <?>*8iMte^JS 
frjfy^mmiiz&*)i%rznz>, st, t )tgn 1 cs>t«^ 9 ) com v *j ^itt^mt 

ft 0 . ¥i|#^Mtii^^T U ^ P D A 1 <^> ( n > ^ ^ h ft) lc 0^:J: fe»T« 

S S o 

[0168] 

^i»#7t^tti«T^ u ^ P DA 2 icfcv^Tti. ±iLfcI5H»0Jllkl5li; < . JB«3t 

#ls2 (i»jB $ nfc^agjs^f ^ v -tjb 3 . 7>tmw. m 5 & v * * v -7°m 7 ) <d mm m 

ttHif t u 4PDA2 <n>hmi\l ( n > ■ t V it) ^mB\zmzzb **T'§ So 
[0169] 

ftfc. ^i|#7 , c^tii*TT MPDA1, PDA2l:fcuT, ^7Xifil&^Il 0 
^^tt S *) lz. m 6 0 ^m-fX t J= v^ 0 &S^4fifiS9 fcWJJELTx u>xgp* 



[0170] 

f7M) tfflv^c)lc^ ?-=!^?y a>y x u \z \^ T Mm -f & * 0 4 1 li . * H 

mmmiz & & k a > 57 - n * ? >- 3 > >- * -r- a ^ ^ -t «H£#§ 0 

[0171] 

7tO?-n^^y 3 yyXfAl 0 II^)ty--4 ( #0 £ tt\ CPU. *fi 

v 7\ > t — Ml, M2 H^) ft f^fT'felt^y XfAT'i>oT, 

10 3. 105. 5fc#i£g&**c 107. ¥i?#^*fc£fi iJl^ P D 1 . it*I 

@8& i o 9#$#^T'v^„ ^i?#^7t*T i o 3 a. mmmmm^mm.nmmm¥tyc u 

- -f ( V C S E L : Ve r t i ca 1 Cavity Surface Emitting Laser) tff]u5:}: § 3 . 
ty^-^Ml t H ®J 0 E§ 1 0 5 tit. ><y y'MMV^M L TIM© iz m$c $ ftT £ . 
^i>#^7t^^ 1 0 3 i: ,1K Ift 0 5% 1 0 5 i: ii. L T MM & }f ^ £ tlT 

•5 . ^mi^ytmiamxp d i t j# tnj g& 1 o 9 t it. ^> 4 1 ^ia l xmrn^ icm 

tlT £ . it its 0^ 1 0 9 t =E ; J =>. - >i M 2 t It . 7°m«#^ia LTtMKllci 

[0172] 

ty--iM 1 frt) ntz-m^m^it. mm®$& 1 0 5 izm^n. ^m^^t^mx 
1 0 3 \zxJtm^\z&m$ nxsitiz ns. ^^fE^*^ 1 0 3 ^<bft^2 ntzKm^ 

It, ?t&TlfcmmWL 1 0 7 <7>7fc#}fcg& 1 0 7 a ^ii 9 . ^ip#7t^m^TP D 1 

. ^^t&fta^p d 1 tc a^] L^Ttff^a. ■mm,m^iz^t%2 *it. ititJS0g& 1 0 9 

tcM^tl. ififii^tl^o ififig $ tl/cmtUi^-tt . ty ^-^M2 icM^tll,, I-MXlcJ:*) 
, t V ^ - 1 fc><b ft7j 5 t^a-4M2tfe^S*l53fcl:45. 
[0173] 

*4?x ¥^#>fe#rft*TP D 1 <?>n;b *> ic . ¥ig#}fc#t ft *T P D 2 - P D 8 *> £ vMi 
f^#)ttttlif 7L ^PDAl , PDA2$ffli^TUu. ¥ # ft « T T U >f P 

DAI, PDA2tfflvi4«^, ^i|#%7t*T 1 0 3 . SB Sft IhI B& 1 0 5 . ?fc 
1 0 7 & Vit 4g @2& 1 0 9ftTL -fft£*l£3i:i:&3„ 
[0174] 

agJS^-^';-rJ83 (3a, 3 b ) . Jcmwm 5 (5a, 5b). ^ft 7 7'J|7 (7a, 7 
b) V<7))?^. fflv^WMti. Xm L fcfc *>lc ftSrv*. M^lcii. ^il^SftcS 
1 <^Wft tLT, XM LfcGaAs^)«*!)l:, Si. InP. InGaAs. InSb 
. I nAsSb^ffluT^J;^. 

[mffi^ffim^mBH] 

[0175] 

[Hi] mi njfe^«BK:^*#^#^*feaiife^ ^x-tmmxmmx3h^ . 

[0 2] 0 1 lcfcttSII-llij6lcvftofc»fffi#llJsK*lfe^-*-*fc*>^«l^0T?*>S. 

[03] mi mmMm\z&z¥mfr?£ifcfcm?<nmMxn*m.w^zmmw-?$>Zo 
[04] mi mnmt&iz&z¥&i¥yttitftm=?<7>mMxn-&i&w-t zmmm-?&z . 

[0 5] HI l|]te^^lcf|^4 £ ^#7t^ft«^^M3HX®^s&B^-t§|)fIS0T*>^„ 

[0 6] HI ^m^«Jlcfl^4 £ ^#7t^ft«^^M3tX^^s&B^i-§|)fia0T^-5)„ 

[0 7] l?l llife0«Bk:^*#^#^ttailfeT<^«liiX3g*iaw-tS»fffi 13 T*>*. 

[0 8] mi lim^«BK:^*#^#^ttailfeT^MiiX3g*ia^-tS»fffi 13 T*>*. 

[0 9] mi ^^^^lcf|^4 £ ^#7tMft^X^MiHX^^s&B^i-§|ifiS0T*>^„ 

[010] mi mmrtmiz&z^mrt^&mx^Mmxm^mn^ zmmmxibz 
[0in m i mmmmiz&z^mw^^&mx^mmxm^mm^ zmmmx*jhz> 

o 

[012] mi mnmm\z&z¥WfcftteftM?<»m&xn*wLm^zwrmm-2$>z 



[013] 


i? 1 


[014] 


f? 1 


[015] 


m i 


[016] 


i? 2 






[017] 


f? 2 


[018] 


i? 3 






[019] 


f? 3 


[0 2 0] 


m 3 


o 

[021] 


i? 4 






[0 2 2] 


f? 4 


[0 2 3] 


3? 4 


o 

[0 2 43 


m 5 


[0 2 53 


0 2 






[0 2 63 


m 5 


o 

[0 2 73 


m 5 


o 

[0 2 83 


if 5 


[0 2 93 


m 5 


[0 3 03 


m 5 


o 

[0313 


f& 5 


[0 3 23 


m 5 


° 

[0 3 33 


me 






[0 3 43 


1? 6 


[0 3 53 


3? 7 






[0 3 63 


!? 7 


[0 3 73 


m 7 



f? 1 ^m0^tc{|^^^#7t^tB^^^MlnXg^l^BH-t^|)fS0T^^ 

i mmmm\z&z¥mfa*&&mx<vmm.xm^mn^ zmmmx&z 
i n tfe 0 m \z x m i¥ ft m ^ x « jh x n m m -t z m m m x & *> 

2mmr>miz&z¥#&*mitim?<?>mmxn*mn^zMmmx'3hz 
3 m mmmiz&z xm ftfttk * ^ x^ »f mm®. mm -t z tz$b<n m^m 
3 mmmmiz^^xm^yt^mmx^mrnxn^mm't zmmmx&z 

3 mMmm\z&zxmfc*&&mx<nmm.xn*mw-t zmmmx&z 
Mmm\z^^xm^ft^mmx<^mmm^mm-t ^tz^^m^m 

4 m. m m m \z & % x m # yt & to, m x ^ m m. x n * m m -t % m m m x *> * 



m 5 ^SlE^flglc^S^^#^^ai^^<50S!liHXe^^Dfl-tS»fffll3T*>S 

5 ^ m ^ fig i c ^ s # m i¥ it $r ai a x <?> « it x n * m m x s Df s 0 x *> s 
5 n ste ^ fig i c f& £ 4^ # ^ $r ai a x <t> m it x n ^ m. m ~t z m m 0 x * * 
i ? 5 n m ^ fig \z x- m i¥ ft ai a x <?> su it x n * m m x & m m 0 x * * 
5 ^mff^figtcfi^^iifr^^aiax^Miixg^^BH-t mx&z 

5^te^flglc^-5#i|#^Mai^X^M3tX@^mHHi--5»fffl0T^^ 

; m fig 1 z \ &s 4^ i» # ^ ai m x Rfr a m ^ * % -t z tz ^ ^ m ^ 0 

m 7 mmmmiz&z¥mfaftfoftmx^mmmf&*mw^ zrztb&m^m 
m 7 mmBmiz&z^mw^^&mx^mmxm^mm-? zmmmxjbz 
m 7 %mrm\z<&z *mwKm&mx <nmm.xn*mn^ zmmmx* & % 



[038] m 8 mm&miz&z¥#i¥*mitim?<7>mffimi&-&mn't z tzdb^n^m 

[03 9] ^^mmmiz&z^mikycm&mr-r ^ -i <^mmm^^m.m-f ^tzab^m 
^ m ~z 3h % . 

^ m T* 3b z . 

[f^^-^mBH] 
[0176] 

1 - # ^ *£*L 1 a - U > Xg^ 2 - x -v * > rW-itm s 3 (3a) - igg^ * 
TIB. 5 (5a) - 7M4XI8 . 7 (7a) -^rt^'i, 9 - 'S^IrK 1 0-1, 11 

- §7t§& . i 2 - m^m. i7-3>?n . 2 1 - 1 1 . 23-3>?n 
mti. 25-11 ffiumti. 27-11 v h «i cm 2 . 3 1-13 mti^. 

3 3 Hfl, 3 5-f 2S««S, 4 1 - A->yfft, 5 l-^lf^ilR, 6 

0 - JjR. 6 0 a - U > Xm, 7 1 - n > ? ? h Hfl. 7 3 - SffiEWU 8 1 -13 
x 8 3-3>?ntS, LSI, LS2~JB«3I#. P D 1 — p D 8 - ^ii#7fe#r ft l£ 
f, PDA1 , PDA2"f^#Maiif7l, -(„ 
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mm 

m^?tmwm 5 . rv nm<^^ ^ v y°m 1 *#t?. jb*s h^l s 1 ^-^smic a . 

m& 9 ftTu* „ J1«}S#L S 1 <7>-?jffiffllcii. H 1 mffigP2 1 fix 

^ s . mmmfrL s 1 tfoffc^fflWk: ttx m 1 ^ -v h mm 2 7 Rum 3 mmm 3 1 ^kb 3 
fli 1 0 i'ffM^Ti^, xii 1 a x in 1 0 icfeit sig«3t#L s 1 t itmttffl<?> 

ffi 1 Q alzmt&LXte*) &£>$nx\.*Zo ^7AS|1U, Att >t ic *t L X ft lc 21 
[38JREI] 13 2 
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